U ntil the past 50 years, heart failure was synonymous with left ventricular (LV) systolic dysfunction. Presbycardia (previously known as senile heart disease) was described in 1966 as a condition of certain elderly individuals.
HFpEF is now the most common form of heart failure. It is increasingly prevalent and it is lethal.
KEY POINTS
Heart failure with preserved ejection fraction (HFpEF) is considered a systemic disease. Approximately 30% of patients with HFpEF die of comorbid conditions rather than heart disease.
In ventricular aterial coupling, a stiff ventricle is coupled with arterial stiffness, which is amplified by hypertension, diabetes mellitus, and kidney disease.
Women are especially prone to increased myocardial and arterial stiffness with aging, and these effects are most prominent with exercise.
The peripheral vascular system and skeletal muscle play a much larger role in the pathophysiologic aspects of HFpEF and in its improvement with exercise training than does the cardiac pump function itself.
The musculoskeletal system plays a major role in HFpEF. Exercise training has an immediate, direct action to reverse adverse changes in peripheral vascular and skeletal muscle function. Lifelong fitness is associated with less diastolic dysfunction in the general population.
hypertrophy and interstitial fibrosis, and functional changes, including incomplete relaxation of myocardial strips and increased myocardial stiffness. 17 It is now recognized that the LV is a helical-shaped chamber that twists during systole, wringing blood out with each heartbeat, much like when wringing out a dish towel. The heart then untwists to cause ventricular suction during early diastole. Tan et al 18 
Pathophysiologic Process
Too often, physicians have taken the expedient view that HFpEF can be explained by a ventricle that is too stiff to allow adequate filling for the next heartbeat. Although an abnormality in LV relaxation corresponds to diastolic dysfunction, HFpEF is more complex than that, and the pathophysiologic mechanisms are the subject of vigorous study.
Because the predominant symptom in patients with
HFpEF is breathlessness due to elevated LV diastolic pressure, Zile et al 16 emphasized abnormalities in active relaxation and passive stiffness. Initial research focused on the extracellular matrix and on the cardiomyocyte itself. Studies on myocardial tissue showed specific alterations in myocardial structure, including cardiomyocyte The stepwise approach then moves to a measure of LV filling pressure (the tissue Doppler index, which is the ratio of the mitral early diastolic blood flow velocity to the mitral annular relaxation velocity, abbreviated to E/e').
If this criterion is fulfilled, the diagnosis is established.
A small number of patients will meet these 2 criteria.
If these parameters are borderline or the filling pressure is not elevated, the next step is to assess other An understanding of the vascular abnormalities is helpful to understand the clinical characteristics of these patients. 18 Arterial stiffness increases as a consequence of aging and is amplified by hypertension, diabetes mellitus, and kidney disease. With an increase in arterial stiffness, the ejected pressure wave is reflected back to the heart, thus altering systolic pressure load and diastolic function and increasing hydraulic work and myocardial oxygen consumption. These effects lead to impaired LV reserve function, labile systemic blood pressures, diminished coronary flow reserve, and increased diastolic filling pressures with resultant breathlessness.
Diagnostic Studies
Patients with HFpEF typically have symptoms of breathlessness and fatigue with exertion. They may not
Echocardiographic findings considered with clinical features can
establish the diagnosis of HFpEF. As shown in Table 2 , patients who underwent exercise training demonstrated improved exercise capacity.
When peak exercise capacity was measured, the magnitude of improvement was above the threshold of a 10% improvement, which represents a clinically significant increase. 27, [29] [30] [31] The improvement in QOL was more likely to reflect the physical than the mental domain. Some trials 26, 27 showed improvement in diastolic function after exercise training. None showed a change in neurohumoral markers. Exercise training has not been evaluated in terms of hospital readmission rates or mortality.
Peak VO 2 is the criterion standard to measure peak exercise capacity. Because it involves cardiopulmonary stress testing with metabolic gas analysis, its use is reserved for research studies and in-depth evaluation of patients with heart failure, especially in terms of evaluation for cardiac transplantation. Peak VO 2 consumption reflects the stoke volume multiplied by the peripheral oxygen utilization. This calculation allows an estimate of the relative improvement with exercise training that can be attributed to improved myocardial pump performance and that is due to enhanced efficiency at the skeletal muscle level.
The available data suggest that impaired oxidative metabolism in skeletal musculature, 32, 33 which is caused Step-by-step diagnosis of heart failure with preserved ejection fraction (HFpEF). 20, 21 Shortness of breath without objective signs of pulmonary congestion is a common early symptom of HFpEF. Interpreting this symptom is especially challenging in elderly patients. Signs or symptoms of heart failure (HF) is the first obligatory criterion in the diagnosis of HFpEF. A nondilated left ventricle (LV) with preserved ejection fraction (EF) is the second required criterion for the diagnosis of HFpEF. Presence of echocardiographic evidence of diastolic dysfunction with both LV relaxation and filling abnormalities is the third required criterion. Abnormal LV relaxation can be a silent echocardiographic finding, whereas abnormal LV filling is associated with symptoms of HF. Abbreviations: HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LV, left ventricular; QOL, quality of life; VO 2 , exercise oxygen comsumption.
a scenario in which fatness, stiffness, and age interact to lead to heart failure. He proposed that exercise training might halt or even reverse diastolic dysfunction (Figure 2 ).
Summary
Heart failure with preserved ejection fraction is now the most common form of heart failure. It is a complex dis- 
Prevention
Because there is no useful pharmacologic treatment for HFpEF, prevention represents a practical approach. Recognizing the importance of prevention, the American College of Cardiology presented a new classification of the stages of heart failure in 2001. 13 One of the important aspects was the introduction of Stage A Heart Failure (risk factors but no definite heart disease) and Stage B Heart Failure (definite structural cardiac changes but no symptoms).
Although the mechanism whereby exercise might lower the incidence of heart failure is not fully understood, there is evidence to suggest that higher levels of exercise might have a direct effect on cardiac structure and func- This study of 1678 men and 1247 women demonstrated that (1) low fitness was associated with smaller heart size and a pattern of concentric LV remodeling and diastolic dysfunction and that (2) higher fitness was associated with lower prevalence of diastolic dysfunction, less adverse LV remodeling, and lower LV filling pressures (reduced E/e' ratio). In the accompanying editorial, Borlaug 41 described
Take-Home Points

Diagnosis
Unexplained dyspnea may be suspected in the typical patient with heart failure with preserved ejection fraction (HFpEF), because these patients often lack the usual physical signs of heart failure such as ankle edema and neck vein elevation.
The diagnosis of HFpEF is established with a composite of findings including abnormal left ventricular relaxation on echocardiography or Doppler echocardiography and other clinical features such as left atrial enlargement, pulmonary arterial hypertension, atrial fibrillation, and elevated brain natriuretic peptide.
Interventions
The primary care physician can implement an exercise program for the patient with HFpEF, either by a referral to a local cardiac rehabilitation program, or by setting up a home-based program of walking or other aerobic exercise.
The basic aspects of a home-based exercise program are aerobic exercise performed 3 times per week, in sessions of at least 20 minutes, at low to moderate intensity. Progression of heart failure. A healthy heart, when subjected to risk factors of obesity, diabetes mellitus, chronic hypertension, and a sedentary lifestyle, undergoes pathological remodeling leading to a smaller left ventricle (LV) chamber size, thickened LV, and dilated atrium. In stage B heart failure (HF), there is echocardiographic evidence of diastolic dysfunction without signs or symptoms of HF. Further exposure to these risk factors along with aging leads to stage C heart failure with preserved ejection fraction (HFpEF). Here, there are signs or symptoms of HF with further LV hypertrophy. Stage B HF could also progress to stage C heart failure with reduced ejection fraction (HFrEF) when there is concomitant obstructive coronary artery disease or exposure to toxic or infectious insults. A normal heart exposed to rigorous exercise training with an overall increase in fitness level leads to nonpathological left arterial and LV hypertrophy, preserved ejection fraction (EF), and no echocardiographic signs of filling or relaxation abnormalities. Reprinted from JACC: Heart Failure, vol 2, Borlaug BA, Fatness, fitness, stiffness, and age: how does it lead to heart failure [editorial]? pages 238-246, copyright 2014, with permission from Elsevier.
